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Technological changes have been identified in several European Middle Palaeolithic sites. 
Specifically, the turnover in discoid and Levallois knapping methods has traditionally been explained 
by raw material constraints that are usually related to foraging areas and mobility strategies of 
Neanderthal groups. While Levallois production requires high homogeneous blocks, predominant 
discoid techno-complexes have generally been interpreted as better adapted to the scarcity of high 
quality raw material, not only for the lowest degree of control in products morphology, but also for 
their multitask characteristics. Nevertheless, the impact of the quality of raw material has never been 
systematically studied. Furthermore, technological analyses usually consider the lithic assemblage as a 
whole and do not dissect assemblages to identify single events, which are units that are needed to 
interpret relationships between technological organisation, human mobility, economic strategies, and 
settlement patterns. Here, we present an application of technological analysis with a high-resolution 
approach to investigate, in detail, how raw material quality affected production and how Neanderthals 
managed the low quality of Sant Martí de Tous chert within Levallois and discoid concepts. We used 
Raw Material Units and refits as units of analysis with a diacritical approach. The results suggested 
that the Levallois organisation of the reduction sequence in layer O included a phase of selection of 
the block and its systematic cutting-down, as well as quite standardised productive procedures and a 
high fragmentation of the productive sequence within the landscape. In layer M discoid sequences 
showed a high internal variability as a response to raw material constraints, and most of the production 
was usually manufactured at the site. Data implied that factors others than the quality of raw material 
determined the technological turnover at Abric Romaní, suggesting that social organisation and 
settlement patterns have most probably played a more significant role than foraging area. 
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In several European Middle Palaeolithic sites, technological changes have been 
recognised between overlapped archaeological layers (e.g., Faivre et al. 2014; Fernández 
Peris et al. 2008; Peresani 2011; Romagnoli et al. 2016a). The reasons for changes in 
knapping strategies have been identified in climatic and environmental fluctuations (Rolland 
& Dibble 1990), landscape exploitation changes with consequences on raw material 
availability (Geneste 1985), mobility strategy shifts related to foraging activities (Delagnes & 
Rendu 2011), presence of human groups with different cultural backgrounds (Moncel & 
Daujeard 2012), and risk assessment of the activities carried out at the sites (Romagnoli 
2015). In the last years, researchers clearly showed that many factors contributed to the 
variability of Neanderthal behaviour. The organisation of technology is strictly related to the 
studied area, making it impossible to generalise the interpretation of technical behaviour. The 
assumption is that comprehension of the relationships between shared knowledge and 
economic strategies on one the hand and the adaptation to a specific environment, resource 
availability, and social organisation of tasks on the other can be obtained at a local high-
resolution scale of analysis to understand mechanisms that have driven human behaviour. 
In lithic studies, it is usually assumed that the ability to perform formal technology is 
strictly related to the high quality of raw material and its abundance (Andrefsky 1994; 2009; 
Bamforth 1986; 1991). The quality of raw material is usually determined by the degree of 
elasticity, homogeneity, and isotropy (Crabtree 1967; Goodman 1944; Inizan et al. 1999: 21-
23). The greater these characteristics, the better the control of the conchoidal fracture 
originated by knapping and, consequently, the control of products and core geometry. These 
observations mean that raw material blocks with geodes, other inclusions, or cleavage planes 
are less suitable for knapping and are used for “simple”, informal methods. This assumption 
has been especially emphasised for Levallois technology, in which the control of the results of 
each removal on core geometry is usually considered to be unavoidable (e.g., Boëda 1994; 
1995; Dibble 1985; Kuhn 2011; Otte 1991). Nevertheless, the impact of the quality of raw 
material has never been systematically studied. Recent experimental works have suggested 
that the variability of Middle Palaeolithic lithic assemblages and, more specifically, of 
Levallois production was not related to a “determinism” of raw material (Eren et al. 2011): 
other variables, such as the edge durability of the artefacts, were probably more important for 
ancient hominids when selecting raw material. However, some authors have suggested that 
the quality of raw material could have also facilitated the cutting edge features (Terradillos-
Bernal & Rodríguez-Álvarez 2017). 
In this paper, we present a high-resolution analysis of the chert assemblage at Abric 
Romaní (Capellades, Spain). We analysed a sample of Raw Material Units (RMUs) identified 
in layers O and M. Layer O was mainly characterised by centripetal recurrent Levallois 
production, while in layer M, chert was mainly exploited with classical bifacial discoidal, uni-
facial recurrent centripetal and multi-facial, multi-directional strategies (Chacón et al. 2013). 
In other words, level O exhibits a highly organised, formal reduction method, while level M is 
characterised by a markedly expedient behaviour that produces a high variability in core 
morphology. A previous study linked the technological rupture between layers O and M to 
climatically driven changes in the foraging radius (Picin & Carbonell 2016). According to the 
authors, the use of Levallois technology was directly linked to higher quality resources 
collected at a greater distance. In contrast, discoid technology was driven by reduced human 
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mobility that obliged solving needs using local resources of lesser quality and maximising the 
exploitation of limited homogeneous supplies. We tested this hypothesis at a short scale of 
analysis, using single technical events to interpret technical behaviour. 
The aim of this study was to determine how the raw material quality affected (i) the 
organisation of removals on the core to maintain its geometric construction and (ii) the 
application of different knapping methods. 
 
1.1. The site 
Abric Romaní rockshelter is located in the town of Capellades, approximately 50 km 
west of Barcelona (41º32’N, 1º41’E) (Figure 1). It is 280 m above sea level and set in the 
Cinglera del Capelló travertine cliff that rises on the right bank of the Anoia River at the 
intersection between different, rich ecosystems. The archaeological sequence is composed by 
approximately 20 meters of sediments and is characterised by anthropic layers separated by 
sterile travertine platforms and archaeo-levels vertically well delimited. The site has been 
investigated over more than 200 m2. Actually layer Q is under investigation. The whole 
archaeological sequence have been dated by U-Series also through new sedimentary core 
samples. It covers a chronology between 40 kyr and 110 kyr BP (Vaquero et al. 2013; Sharp 
et al. 2016). Except for layer A, all the stratigraphic units are related to Middle Palaeolithic 
frequentation of the site. The palaeo-ecological analysis of the whole sequence allowed to 
identify five pollen zones (Burjachs et al. 2012). Each layer preserves a very rich 
archaeological record of animal bones, lithic remains, woody remains (Solé et al. 2013) and 
many hearts (Cabanes et al. 2007; Vallverdú et al. 2012). Taphonomic analyses have shown 
that the archaeological record is well preserved, and Neanderthal activity is the main cause of 
animal bone deposition (Cáceres et al. 2012; Gabucio et al. 2016). Hunting was mainly 
directed to horse and deer (Equus ferus and Cervus elaphus) occasionally associated with the 
exploitation of other large mammals and small preys. The study of charcoals and phytoliths 
suggested an almost exclusive exploitation of Pinus sp as fuel for combustion and the 
presence of open forest environment in the chronological range of human occupation at the 
site (Allué 2002; Cabanes et al. 2007). In the whole sequence, chert was the main raw 
material exploited usually being at least 80% of the whole lithic assemblage, followed by 
limestone and quartz that cover fluctuating percentage along the deposit. Chert was mainly 
collected in primary or sub-primary position. 
 
 
Figure 1. Location of Abric Romaní site. 
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Layers O and M fall within pollen zone 3, which was characterised by short and abrupt 
climatic shifts at the beginning of MIS 3 (Burjachs et al. 2012). Retouched tools were little 
represented and were mainly denticulated, notches and scrapers (Chacón et al. 2013). In both 
the layers retouched tools were less than 1% of the assemblage. The archaeological levels are 
vertically well delimited (Bargalló et al. 2015; Vaquero et al. 2015). 
The travertine platform between layers O and M has been dated at 54.6+2.3 kyr BP 
(Bishoff et al. 1988). Layer O was characterised by an intense human occupation with 
diversified areas (Gabucio et al. 2014a). Hunting mainly targeted red-deer, aurochs and 
horses, but the occasional consumption of other animals, such as wildcat, has been identified 
(Gabucio et al. 2014b). 
The travertine platform that covered layer M has been dated at 51.8+1.4 kyr BP (Bishoff 
et al. 1988). Hunting activity mainly focused on red-deer, horses and aurochs; macromammal 
remains showed intense bone processing and a high level of bone fragmentation related to 
Neanderthal subsistence (Fernandez-Laso et al. 2011). Macrofaunal dental wear analysis 
suggested that in this phase the site was occupied during autumn and early winter (Fernandez-
Laso et al. 2010). 
 
1.2. Geological context and time resolution set of problems 
A 30-km radius from Abric Romaní was defined as the area to be prospected for abiotic 
resources (Gómez de Soler 2009; 2016: 105-107). According to numerous archaeological and 
ethnographic studies (Binford 1982; Féblot-Augustins 1999; Geneste 1992; Turq 1989) the 
majority of lithic raw materials exploited by Middle Palaeolithic hunter-gatherers are 
expected to have been collected in a local and semi-local area not far from a 30-km radius.  
Along the archaeological sequence, chert was always the more exploited abiotic 
resource. It was mainly collected in semi-local areas (between 10 and 20 km from the site), 
with fluctuations in the percentage of chert collected in distant outcrops located 
approximately 30 km north-west (NW) from the site. A recent archaeo-petrographic 
investigation based on macroscopic (morphoscopic features), microscopic (thin sections), and 
complementary analysis (SEM, XRD, and μ-XRD) of archaeological and geological samples 
detailed the source areas exploited in layers M, O and P (Gómez de Soler 2016; Gómez de 
Soler et al. in press). The data show few changes in chert procurement between layers O and 
M. In both layers the predominant chert corresponds to the Sant Martí de Tous source (SMT; 
Figure 2), located approximately 15 km NW (layer O 78.5%; layer M 75.7%). However, the 
second most represented source, the Panadella chert (PAN) - collected at approximately 25 
km NW - is more common in layer O (layer O 11.5%; layer M 2.0%). According to geo-
petrographic analysis, the decrease in PAN chert in layer M was associated with the increase 
of secondary locally collected raw materials, mainly limestone and quartz (Gómez de Soler 
2016: 306-308). 
While PAN chert was usually characterised by a high homogeneity, SMT provided 
blocks with variable degrees of homogeneity. Noting this difference we faced two main 
research questions: 
1. How did Neanderthals adapt to the heterogeneous grain-size and homogeneity of SMT 
chert blocks applying Levallois and discoid concepts?  
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Figure 2. Location of the site (black triangle on the right) and of geological formations exploited by Neanderthals. Green (SMT) and yellow ovals (PAN) show the supply 
areas of chert formations analysed in the paper. Black dots show the chert outcrops analysed with macro- and microscopic archaeo-petrographic approach. 
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We assume that, being SMT the main exploited chert variety in layers O and M, in SMT 
outcrops Neanderthals found chert with the needed physical quality for production. If in layer 
O there was a ‘determinism’ of the raw material, we can expect low technological 
standardisation of SMT blocks and, in general, the highest Levallois variability in SMT 
supplies. 
Until now, the variability of chert exploitation within each layer was not noticeable using 
a large scale of analysis. In previous technological studies (Chacón et al. 2013; Picin & 
Carbonell 2016), the lithic assemblages were considered as a whole, which means that they 
were a homogeneous set of materials produced by the same group during a phase of 
occupation at the site. This low temporal scale approach was the rationale for the comparison 
of macro categories in technical behaviour, such as Levallois versus discoid. The problem is 
that ‘Levallois’ and ‘discoid’ are not immutable definitions, and each technical system 
implied a variable degree of flexibility imposed by the variability of human responses to raw 
material and time-stress constraints. Several options were implemented by ancient hominins 
to adapt productive concepts to the volumetric characteristics of lithic supports. They 
included ramification and cores use-life, a variable degree of surface resharpening, and 
different strategies in the number and exploitation of the core surfaces (Bourguignon & Turq 
2003; Dibble & Bar-Yosef 1995; Guette 2002; Peresani 2003; Slimak 2008; Vaquero et al. 
2008; Villaverde et al. 2012; Wallace & Shea 2006). Moreover, internal variability and 
modification existed within Levallois and discoid technical systems because of their 
widespread geographical distribution and temporal endurance, as well as their association 
with other technical systems. 
The possibility of perceiving behavioural variability in past technology lies in reducing 
the scale of analysis of the lithic assemblage and enlarging its temporal resolution. Analysing 
the assemblage as a whole, we obtained an “average behaviour” (Vaquero 2008). Several 
works have shown that archaeological assemblages were the result of a series of independent 
import, export, use, and discard events, and knowledge of the fragmented characteristics of 
production in the landscape is needed to understand and interpret site function, occupation 
length, planned behaviour, handling costs, and more in general techno-economic strategies 
(Machado et al. 2016; Turq et al. 2013; Vallverdú et al. 2005; Vaquero 2008). 
 
2. Materials and methods 
To test the hypothesis of differential uses of chert within each layer in relation to raw 
material heterogeneity, we sampled Raw Material Units (RMU) (Larson & Kornfeld 1997; 
Roebroeks 1988) from layers O and M mainly related to SMT chert sources and analysed 
them with a technological diacritical approach. Each RMU sampled included at least one core. 
We also included a RMU of PAN chert for comparison (Table 1). The complete refitting 
study of lithic assemblages is under way. RMU were identified using both macroscopic and 
microscopic criteria and comparisons with geological samples. Macroscopic criteria included 
texture related to the roughness of the surface to touch, cortex, impurities as geodes and 
mineral inclusions, transparency, presence of fissures and joins, sedimentary structures as 
indicative of depositional environment, and colour, while microscopic analysis took into 
account texture of α-quartz, presence or absence of non-epigenetic relict minerals, and the 
identification of authigenic minerals (Gómez de Soler 2016: 114-168; Soto et al. 2014). 
Each element of the RMU was analysed with a diacritical approach reconstructing the 
logical sequence of technical gestures that determined its extraction from the core (Dauvois 
1976; Inizan et al. 1999: 89-90). The same analysis allowed the identification of the technical 
procedures on cores. Removals were studied to identify temporal and directional orders of 
technical actions carried out during production. Later, techno-morphological characteristics of 
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all of the elements were described. The association between diacritical and morpho-technical 
analysis allowed a detailed reconstruction of the productive concepts applied by Neanderthals 
and an understanding of the organisation of removals from the core to maintain its geometric 
construction in relation to raw material constraints. 
 
Table 1. RMU analysed. 
Layer RMU Number of pieces Chert variety 
O Sil-TA2 7 PAN 
O Sil-TS24 52 SMT 
O Sil-TS29 19 SMT 
O Sil-TS38 120 SMT 
O Sil-TS46 7 SMT 
O Sil-TS49 6 SMT 
O Sil-TS51 36 SMT 
O Sil-TS61 20 SMT 
O Sil-TS62 7 SMT 
  Total 274  
M Sil-011 10 SMT 
M Sil-020 48 SMT 
M Sil-025a 24 PAN 
M Sil-048 9 SMT 
M Sil-072 156 SMT 
M Sil-073 57 SMT 
  Total 304  
 
Refits were carried out to identify single technical events within each RMU. A ‘technical 
event’ is defined as a sequence of actions aimed at modifying the raw materials that were 
carried out at the site over a continuous range of time. Analysing refitting from a 
technological point of view, three types of events were especially interesting: (i) knapping, 
(ii) import, and (iii) export events. Knapping events were informative about the primary aims 
of production (morpho-technical characteristics sought in the toolkit) and the variability of 
technical solutions applied to adapt to raw material constraints to obtain productive aims. The 
import events revealed the morphology in which the raw material was introduced into the site 
as (i) unrefined block, (ii) rough-cut block, (iii) partially exploited core, (iv) blank, or (v) a 
retouched tool. Import events were determined by the planning of activity and needs to be 
fulfilled at the site, the knowledge of the absence or availability and abundance of specific 
raw materials in proximity to the site, and production and transportation costs of technology. 
The export events, which were identified by the absence of pieces or sequence of pieces in 
RMU and refits, reflected the strategies of production and use of raw material from the site. 
They were related to the organisation of technology within the landscape, mobility strategies, 
time-stress constraints, and technological costs. 
Analysing the variability of techno-economic behaviour, selection was another important 
concept in technology. Selection implied a human choice, the voluntary keeping of something 
and, consequently, the rejection of something else within a series of possible options. 
Selection was performed according to priority criteria that were used as a filter for choosing 
raw material. Criteria for selection may have included block dimensions, raw material quality, 
morphology of the block, exigence of knapping in terms of productivity (quantity and quality 
of toolkit needed), and skills of the knapper. Identifying a selection phase at the beginning of 
the productive sequence and understanding the criteria for selection was significant in 
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reconstructing how Neanderthals adapted to the available resources and created technical 
options to address raw material constraints (Figure 3). 
 
 
Figure 3. Spatial and temporal extreme strategies of the organisation of technology. The archaeological record 
usually shows a mix between these two opposite options depending on the technological costs, mobility of the 
group, and risk associated with the different phases of the productive sequence. Each phase symbolised here 
could have been realised by a single event or be split into several technical events. 
 
3. Results 
From a general point of view, the technological composition of SMT chert assemblages 
differed in two aspects. Layer O was characterised by a higher percentage of cores and a 
lower rate of fragmentation (Table 2). 
 
Table 2. Technological categories in RMU of layer O and layer M. 
RMU Cores Flakes Fragments Retouched tools Total 
Sil-TA2 1 4 2 - 7 
Sil-TS24 8 25 17 2 52 
Sil-TS29 1 9 7 2 19 
Sil-TS38 9 76 35 - 120 
Sil-TS46 1 4 2 - 7 
Sil-TS49 2 2 2 - 6 
Sil-TS51 7 19 9 1 36 
Sil-TS61 7 10 3 - 20 
Sil-TS62 2 2 3 - 7 
Total 38 (13.9%) 151 (55.1%) 80 (29.2%) 5 (1.8%) Layer O 274 (100%) 
Sil-011 1 6 3 - 10 
Sil-020 2 24 22 - 48 
Sil-025a 1 14 9 - 24 
Sil-048 2 4 3 - 9 
Sil-072 3 84 69 - 156 
Sil-073 4 17 35 1 57 
Total 13 (4.3%) 149 (49.0%) 141 (46.4%) 1 (0.3%) Layer M 304 (100%) 
 
Both layers were characterised by the small size of artefacts, with an average size of 33 x 
24 mm in layer O and 29 x 25 mm in layer M (Table 3; Figure 4). In both layers, the analysis 
of cortical surfaces suggested collection mostly in a sub-primary position. 
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Table 3. Length and width, summary statistics. Fragmented elements were not been counted. Measurements are 
in millimetres.  
 
Layer O 
191 whole pieces 
Layer M 
163 whole pieces 
 Length Width Length Width 
Min 5 3 8 5 
Max 100 95 116 83 
Mean 32.51 23.62 27.87 25.23 
Std. error 1.14 0.93 1.28 1.08 
Variance 248.31 164.87 266.11 190.31 
Stand. dev. 15.76 12.84 16.31 13.80 
Median 29 20 24 22 
25 percentile 20 15 16 16 
75 percentile 45 32 37 31 
Skewness 1.03 1.47 1.72 1.36 
Kurtosis 1.34 4.23 5.07 2.16 
Geom. Mean 28.99 20.58 23.97 22.01 
Coeff. var 48.47 54.37 58.54 54.68 
 
 
Figure 4. Length and width according to each RMU. Fragmented blanks were not been counted. Dimensions are 
in mm. 
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When analysing production, several differences can be highlighted. In layer O, the main 
knapping method was recurrent centripetal Levallois. Removals were geometrically linked to 
obtain two principal morpho-volumetric blanks: quadrangular and sub-triangular flakes. 
These last blanks were usually produced by detaching two adjacent, convergent removals 
aimed at preparing the needed arrises to extract a sub-triangular flake hitting between 
preparatory removals with a debitage axis toward the centre of the debitage surface. The 
knapping procedure exploited the whole periphery of the core. The PAN chert core sampled 
was exploited with this method. It measured 46 x 44 x 13 mm and was perfectly comparable 
with the other SMT cores (Figure 5). 
 
 
Figure 5. Length and width of cores. Dimensions are in mm. 
 
A variation of this method was the organisation of removals according to the unipolar 
sequence. In this case, the preparatory flakes were located at the lateral extremities of the 
debitage surface and resulted in the extraction of naturally backed knives. In addition to 
preparing the arrises, their technological role was also to maintain the lateral convexities of 
the core surface. 
Levallois reduction was associated with discoidal and multipolar, multidirectional 
sequences. Seven cores were identified as related to these secondary strategies. The 
association on the same core of bifacial, secant removals and alternating, abrupt removals 
(exploiting orthogonal surfaces) was attested on cores with volumetric constraints due to 
knapping accidents, to specific sequences of removals during knapping, or to volumetric 
constraints related to block morphology. The exploitation of one or two core surfaces was not 
systematic. The products related to these strategies were quadrangular. 
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Cores were usually short and exploited until the exhaustion of their productive volume 
(Figure 5). No dimensional differences were showed between the Levallois cores and those 
exploited according to different productive concepts. The only exception was a discoidal core 
depicted as an outlier in Figure 3. Approximately 10% of the cores attested ramification 
processes by the use of flakes as cores (Table 4). The analysis of Levallois cores suggested 
that usually, at least during the last phases of exploitation, Neanderthals rarely and only 
roughly prepared the point of impact and the striking platform. This datum was also supported 
by 46% of flakes that preserved a portion of the cortex on the butt. 
 
Table 4. Core-on-flake. 
RMU Layer O Core-on-flake RMU Layer M Core-on-flake 
Sil-TS51 2 Sil-020 4 
Sil-TS61 1 Sil-048 1 
Sil-TS62 1 Sil-073 3 
Total 4 (10.5%)  8 (53.3%) 
 
A reduced portion of internal fissures, geodes, or other inclusions was still visible on the 
SMT chert cores. These impurities partially affected the control of few removals, producing 
hinged flakes of fractures during knapping. However, cores generally showed quite a good 
degree of homogeneity (Figure 6). 
Layer M was characterised by recurrent, alternating knapping sequences. The turnover of 
core surfaces was performed both with a slow alternating rhythm (a series of removals was 
performed on a surface; then, the core was shifted to produce a second series on the adjacent 
surface) and with a rapid rhythm (a continuous shifting between the core surfaces after each 
removal). These two strategies were also applied on the same core at different portions of the 
overhang. Cores showed, by turns, discoid exploitation (unifacial or bifacial) or an association 
on the same core between bifacial, secant sequences and the exploitation of alternating 
orthogonal surfaces. 
Reduction sequences were located over the whole periphery of the core or on limited 
portions of the overhang because of specific raw material volumetric constraints. One core 
was exploited with a typical discoid concept (sensu Boëda 1993); at the end of its productive 
life, one extremity of the peripheral overhang had been removed to create a plane surface. 
That surface had been used as a striking platform for few adjacent, unipolar, final extractions. 
The PAN chert core sampled was exploited on portions of its peripheral overhang with a 
discoid hierarchical sequence. Along this exploitation the succession of removals was aimed 
to obtain triangular blanks. In this layer, during discoid exploitation radial blanks (i.e., 
débordant (core-edge) flakes and pseudo-Levallois points) were often produced to guarantee 
the suitable convexities of the core. While radial removals produced sub-triangular flakes, 
centripetal sequences were aimed at quadrangular shaped extraction, and no systematic 
morpho-dimensional control was identified. Rather, products were characterised by a large 
variability. Recurrent, alternating productive sequences were associated with multipolar, 
multidirectional knapping. Neither Levallois cores nor products have been identified in the 
assemblage. 
Cores showed a higher morphological variability than in layer O (Figure 5). Furthermore, 
the use of core on flakes is significantly consistent, representing more than 50% of the cores. 
Cores on flakes were mostly exploited for short alternating series of extraction. 
Raw material blocks were characterised by a high inhomogeneity that was determinant in 
the high fragmentation rate and in frequent changes of flaking angles during production. 
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Figure 6. Layer O. (a, b, c): refits. Scale bar 2 cm. (d): Unipolar Levallois core for sub-triangular flake 
production; (e): centripetal Levallois core-on-flake; (f): centripetal Levallois core. Scale bar 3 cm. 
 
Refitting analysis showed important differences in relation to import and export events. In 
refits from layer O, the first phases of the SMT chert knapping procedure were systematically 
absent. In this respect, it was interesting to detect the quite high rate of flakes that were 
partially corticated. Dividing the dorsal surface of flakes into four equivalent parts, four flakes 
had the whole dorsal surface corticated, 24 had a portion of the cortex corresponding to two 
thirds, and 71 had a portion of the cortex corresponding to one half or less. Furthermore, cores 
on flake were not refitted with the rest of the sequence, lacking quite a large portion of the 
sequence. The last phases of production, including the core, were preserved at the site. 
However, the main products were not found, and refits were composed of few elements, 
usually only four. No refit was identified with more than four RMUs (Table 5). 
In layer M, refits have been identified in all of the RMUs sampled. There were 155 
refitted elements, and several refits were composed of more than five elements (Table 5, 
Figure 7). 
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Table 5. Layers O and M, number of elements refitted in the RMUs analysed. 
Layer O          
ID Refit SilTA2 SilTS24 SilTS29 SilTS38 SilTS46 SilTS49 SilTS51 SilTS61 SilTS62 
1  2 3 6   2 2  
2  2  2   2 2  
3    2      
4    2      
5    2      
6    2      
7    3      
8    3      
Total - 4 3 22 - - 4 4 - 
Layer M          
ID Refit Sil011 Sil020 Sil025a Sil048 Sil072 Sil073    
1 7 2 2 9 2 37    
2  2 8  2     
3  2 2  2     
4  2   2     
5  2   4     
6  3   16     
7  5   8     
8     15     
9     21     
Total 7 18 12 9 72 37    
 
Refits showed that the first phases of extraction were frequently made at the site, where the 
whole block was usually introduced. It was possible to refit core on flakes with the main 
sequence from which they were extracted. At least a débordant flake or a pseudo-Levallois 
point were found within quite each refit. 
 
4. Discussion and conclusions 
Layer O and layer M SMT chert assemblages differed not only in the predominant 
productive method applied but also in the general organisation of technology. In layer O, the 
Levallois techno-complex was characterised by a high standardisation of procedures that 
implied quite simple sequences of extractions to maintain control of the core geometry, 
mainly obtained through débordant flakes and often with a corticated back. It is interesting to 
notice that these products, well identified through the diacritical analysis, were often exported 
from the site at least concerning the sample analysed in this study. The predominant method 
was recurrent centripetal. Cores were exploited to obtain quadrangular and sub-triangular 
flakes. Other secondary methods, such as discoid, orthogonal and multipolar, and 
multidirectional, have been identified. In the sampled materials, the first phases of production 
were almost never identified at the site. Raw materials were usually introduced at two 
different manufacturing stages: as prepared cores or as flakes. Rarely, such flakes were 
exploited as a core within the site. Export events also significantly affected the composition of 
the SMT lithic assemblage, and several main products were transported and used elsewhere. It 
is significant to observe that this productive fragmentation would have been unperceived if 
analysing the sampled assemblage as a whole. Indeed, the few cortical blanks were isolated 
from refitted series or related to the low preparation of the core periphery and shaping out. 
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Similarly, the presence of Levallois first choice products was attested to in the assemblage, 
but mostly, they were isolated pieces rather than elements included in multi-element RMUs. 
 
 
Figure 7. Layer M. (a): refit. Scale bar 2 cm. (b): discoidal unifacial core; (c): core-on-flake; (d): diacoidal 
bifacial core. Scale bar 3 cm. 
 
The layer M SMT chert assemblage was characterised by discoid sequences, and neither 
Levallois products nor waste were identified. However, the definition of ‘discoid’ is not 
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completely satisfactory according to the high variability of procedures that were shown and 
that seem to have been expressed during a continuous knapping sequence, as attested by 
refits. The problem in the definition of this techno-complex from a technological point of 
view is that few studies have detailed the flexibility of alternating, recurrent, bifacial 
sequences and further analysis will be needed to take into account the highest number of refits 
from this archaeological layer that are actually under study. Contrary to layer O, in layer M, it 
was not infrequent that a quite long portion of the production sequence was produced at the 
site, including ramification and the first phase in which the cortex was removed. 
In relation to the quality of raw material, two opposite behaviours were displayed. In 
layer O, the productive sequence started with a high investment in raw material selection. Due 
to the heterogeneity in SMT chert outcrops, it is possible to hypothesise that the first 
productive phase, which is absent at the site, was expressly made near the collecting areas to 
cut-down the blocks and keep the most homogeneous parts of each one. In this way, the 
exploitable volume was diminished, but the shaping out of cores was quite standardised, 
simplifying the procedure to maintain volumetric control of the core and reduce variability 
within production. In this respect, it is interesting to note that similar Levallois recurrent 
centripetal procedures have been identified on limestone pebbles, suggesting that 
Neanderthals perfectly adapted their technological choices during production to other raw 
materials (Bargalló 2016: 103; Bargalló et al. 2015). In this layer, a portion of the 
fragmentation of productive sequences was probably due to the need to adapt the first phases 
of exploitation to the variable morphologies and homogeneities of the block and to obtain 
their most suitable portion. The high selection was most likely reflected in the short 
dimensions of cores and cores on flake and the generally short dimensions of products. At 
present, it is not possible to discuss the complementarity between SMT and chert from other 
outcrops in relation to the functional potential and dimensional constraints of the toolkit. 
Waiting for the complete analysis of the assemblage, it is not possible to exclude that the 
dimensional limits imposed by SMT chert cutting-down have obliged humans to exploit other 
more homogeneous resources. Refitting of the whole assemblage is in progress, and 
preliminary data suggest that the largest flakes, approximately 30-40 mm long and related to 
all of the chert varieties, were often introduced into the site ready to be used. The cutting-
down of the block guaranteed a low fragmentation rate and minimised the risk associated with 
raw material impurities. Other knapping concepts were applied to SMT chert, enlarging the 
suitability of this resource. Although these concepts were characterised by a reduced degree 
of formal control, import and export events as well as selection and cutting-down of blocks 
directed their spatial and temporal organisation in the same way. 
In layer M, no selection has been identified at the beginning of the SMT chert productive 
sequence. However, the organisation of extractions on the same core along alternating bifacial 
and secant, and bifacial and orthogonal series of extractions was clearly an efficient response 
to raw material constraints. This flexibility allowed Neanderthals to exploit blocks of different 
morphologies and dimensions, deal with uncontrolled fractures caused by the raw material 
heterogeneity, and systematically introduce ramification processes within manufacturing. The 
low control over the morpho-dimension of products and the high fragmentation rate were 
most likely supplied by the high productivity of the sharpened cutting edge. Furthermore, the 
technical organisation also implied the import into the site of pseudo-Levallois points and 
débordant flakes as response to specific planned activity and in-situ recycling and production 
of these techno-types as a consequence of differentiated raw material procurement strategies, 
including intra-site supply (Vaquero et al. 2015). Also in layer M, the imported products 
(including all of the chert varieties) were usually more than 40 mm long, attesting to 
anticipation and planning in relation to raw material constraints. 
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In both layers, in situ production of SMT chert flakes shorter than 30-40 mm was 
significant. In the last few years, the production of dimensionally reduced toolkits were 
commonly identified in Middle Palaeolithic sites in the Iberian Peninsula, western Europe, 
and the Levant and often related to ramification processes and Kombewa-type production 
(e.g., Bourguignon et al. 2004; Cortés 2007; Fernández Peris 2007; Galván et al. 2009; Giles 
Pachego et al. 2012; Kuhn 1995; Romagnoli 2015). These short products had specific 
functional characteristics related to their short dimensions and to the highly sharpened edge 
and were most probably used in a variety of activities in which the accuracy of the gesture to 
be performed was a priority for the task to be successful (Barkai et al. 2010; Lemorini et al. 
2015). Also in Levallois techno-complexes, even if less systematically studied, ‘micro’ 
production has been described in the Cantabrian region (Rios- Garaizar 2010; 2017); in the 
Valencian region (Villaverde et al. 2012); in France (Molés & Boutié 2009; Turq et al. 2008), 
Switzerland (Le Tensorier 1998), Greece (Koumouzelis et al. 2001); and in the Levant 
(Goren-Inbar 1988). Usually, this production has been interpreted as an adaptation to raw 
material dimensional constraints. The case studies presented in this paper suggest an 
alternative interpretation, with microlithisation as a technological process related to a specific 
shaping out strategy. It seems logical to us to hypothesise that, as part of the organisation of 
the technical system, the production of short blanks was also a response to specific functional 
constraints and probably to site function and social organisation, as proposed at the Abrigo de 
la Quebrada (Villaverde et al. 2012). In layer M, the search for short products was mostly 
related to informal, secondary productions using core on flakes. 
The technical rupture at Abric Romaní was previously correlated with differences in 
mobility strategies determined by environmental, climatically driven changes (Picin & 
Carbonell 2016). However, new archaeo-petrographic analyses suggested a different scenario. 
Raw materials were mainly selected by Neanderthals for abundance, probably during the 
foraging transfer of the group (Gómez de Soler 2016: 299-313; Gómez de Soler et al. in 
press). SMT chert is characterised by a large dimensional and morphological variability, as 
well as variable degree of homogeneity (Gómez de Soler 2009; Soto et al. 2014). At present is 
not possible to exclude differences in mobility at short scale of analysis that could have 
affected the variability of the quality of the collected blocks. However, the systematic 
catchment of raw material in primary or sub-primary position suggests similar behaviour in 
the landscape. Furthermore, the geo-petrographic study has identified similar percentage of 
SMT chert in layer O (78.5%) and layer M (75.7%). Although the analyses were carried out 
on a sample, at present these new data show that is not possible to highlight any important 
change in mobility areas and pathways between these two layers, at least according to raw 
material exploited outcrops (Gómez de Soler 2016: 306-312). Differences could be identified 
in the exploitation of the strictly local resources, mostly limestone and quartz, which are more 
abundant in layer M. The higher variability of resources could have been facilitated by the 
flexibility of the technical system in this layer that allowed to easily exploit block of different 
morphology, dimension, and homogeneity. 
Although the complete technological analysis of the lithic assemblages with a high-
resolution approach is still in progress, and the data presented here were related to an early 
stage of the project, our results allow for a rejection of a priori raw material determinism with 
respect to its suitability and physical characteristics. Recent studies have shown that the 
relationship between technology and environment (including in this concept both biotic and 
abiotic available resources) is not necessarily a satisfactory element for interpreting past 
human behaviour. That is evident in the unvaried faunal assemblage associated with 
technological shifts at Combe-Grenal (Quina - Levallois techno-complexes) or in the 
persistence of the Quina production system in a layer of the same site in which faunal 
assemblage is completely different from the overhead and underlying layers (Faivre et al. 
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2014). Similarly, a recent analysis of the Middle Palaeolithic in eastern Cantabria has shown 
that Neanderthal groups were able to design their strategies to made them less dependent on 
resource availability (Rios-Garaizar 2017; Rios-Garaizar & García-Moreno 2015). In the 
same way, raw material quality was not necessarily the main factor that drove technological 
choices (Eren et al. 2011; Romagnoli, 2015; Romagnoli et al. 2016b), and neither was the 
distance to the source adequate to predict and explain techno-economic behaviour (Moreau et 
al. 2016; Romagnoli et al. 2016a). In layers O and M at Abric Romaní, faunal assemblages 
were characterised by red-deer, aurochs and horses, and in both layers, macromammal 
remains showed intense bone processing and high bone fragmentation due to anthropic 
subsistence activity (Fernandez-Laso et al. 2010; 2011; Gabucio et al. 2014a). The 
technological changes seem to have been associated with differences in the housing spaces 
within the site and in spatial patterns. The archaeological record was hearth-related in both 
layers, but while layer M was characterised by activity areas that were spatially quite well 
delimited (Vaquero et al. 2015), in layer O, the intense human occupation resulted in a rich 
palimpsest with areas attesting to different use of fire and different settlement patterns 
(Bargalló et al. 2015; Vallverdú et al. 2012). These data suggested that at Abric Romaní, as in 
the cases cited above, technological choices applied by Neanderthal groups seem to represent 
adaptations driven by factors other than the environment, such as social dynamics, occupation 
span, site function, demography, and cultural behaviour. At present, is not possible to 
interpret the technological rupture at this site, as in general in the whole Iberian Peninsula 
where Middle Palaeolithic variability seems not to show chronological patters (de la Torre et 
al. 2013). Our results suggest that a future method is to enlarge the temporal resolution of the 
analysis to identify and interpret single events. In this way, the formation of the 
archaeological record would be observed in all of its complexity and variability, and it would 
be possible to also include in the scenario aspects that would be otherwise unperceived or 
underestimated, such as micro production, fragmentation of productive sequences into the 
landscape, intra-site spatial patterns, and behavioural strategies. These aspects are essential to 
outline site function, the number of recurring occupational events, the whole techno-economic 
organisation, and long-term social and demographic dynamics. We should therefore take into 
account that changes in human behaviour, in the past as well as in the present, were linked to 
several factors and that each human group did not necessarily meet its own needs in the same 
way. 
In conclusion, in both layers at Abric Romaní, the technical system was adapted to 
overcome the raw material constraints of SMT chert, which was most exploited probably in 
relation to similar pathways and mobility areas. However, while in the case of Levallois, the 
adaptation implied a high technical investment at the beginning of the productive sequence to 
guarantee morpho-dimensional and procedural ‘standardisation’, in layer M, Neanderthals 
opted in favour of a more informal and flexible system. In this way, the low quality of the raw 
material and high fragmentation rate were supplied by diminished geometric control, high 
production of asymmetric flakes with functional edge opposed to a back, and high 
productivity. These different choices were most likely linked to specific social needs, 
settlement patterns, and demography rather than environment and climatic shifts. Future 
detailed high-resolution analyses applied to the whole collection would allow a better 
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